Abstract -In sudden cardiac arrest, early cardiopulmonary resuscitation, with emphasis on chest compressions, is a fundamental step in the Chain of Survival. It is of most importance to have good technique to increase the success rate. CPR is less effective, according to some studies, due to the lack of regular training. In this context a system with quantitative feedback for autonomous training was developed. Gamification has become a widely used method for promoting learning in general, it has also been applied successfully in health care professional's training. In this work, it was followed and widely adopted a gamification framework with the propose to include several game related functionalities in an existing CPR autonomous training system. It is expected that this approach will increase training frequency and knowledge acquisition.
INTRODUCTION
In Europe 350 to 750 thousand people a year are affected by a sudden cardiac arrest (CA). In this emergent situation, it is fundamental to quickly institute cardiopulmonary resuscitation (CPR), prioritizing chest compressions, as this is a key process in the Chain of Survival. When performing chest compressions in an adult, four parameters need to be considered: hands position (center of the chest), compression depth (between 5 and 6 cm), compression rate (100 to 120 min) and chest wall recoil (allowing complete recoil). These parameters are recommended by the European Guidelines of CPR [1] .
According to some studies [2] [3] [4] , CPR is less effective due to the lack of regular training impairing the muscle memory necessary to perform quality maneuvers.
The CPR is taught in many ways: traditionally, through lectures and practical training using mannequins. Through experimental learning the user goes faster through the learning-curve as it is necessary to execute the technique as well as correcting it, if needed. Most recently, serious games were introduced providing an extra motivation to learn as referred by Wattanasoontorn [5] and Schmitz [6] .
In the last years gamification has emerged as a new successful approach to learning [7] . Citing Huotari and Hamari [8] , gamification is "a process of enhancing a service with affordances for gameful experiences in order to support user's overall value creation". The gamification process makes use of game elements and game design techniques in non-game context to promote engagement and motivation [9] .
Through the years several approaches have been proposed such as, SDT by Ryan and Deci [10] , GAME by Marczewski [11] and 6D by Werbach and Hunter [12] . This last framework is, according to Mora [13] , the best-known design framework, so our development will be based in this framework: the pyramid of Gamification Elements.
Following this pyramid, we identify and propose the integration of game elements into an existing autonomous CPR training software, which is expected to promote a more engaging learning experience. We hope this system helps all the trainees who might want to train their skills, like physicians, nurses, medical students or even regular people.
II. BACKGROUND CPRPT [17] is a system designed for CPR self-training. The system uses a mannequin with add-on sensors, connected to a data management system. Data is stored and analysed to provide specific feedback and an overall score based on the compressions performance: hand positioning, compression rate, compressions depth and chest recoil. The software includes a Graphical User Interface (GUI), that provides real time visual and audio cues, Fig. 1 . Game Dynamics: Werbach and Hunter defines the following: "Dynamics are the big-picture aspects of the gamified system that you have to consider and manage but which you can never directly enter into the game". There are examples, such as constraints, relationships, narrative, emotions and progression. 
Game components: Lastly, we have the game components, these are the parts of the game that gamify it [14] . The examples are: achievements, points, levels, badges, leaderboards, content unlocking and teams.
According to Werbach and Hunter "each mechanic is tied to one or more dynamics and, each component is tied to one or more higher-levels elements" hence our approach identified the following aspects:
Game Dynamics a. Progression:
Player's training performance history, overall evolution of the player in the game resulting from the mechanics described next. The Leaderboard item could be one of the most important ones and one to look for, because, according to Charles Butler [15] , players that know their rank and are not winners, play more times than those who do not know their position or that are in a winning situation. Based on this, we adopt a relative leaderboard.
Game Mechanics

A. Game Interfaces
In this section the gamified interfaces are presented, illustrating some of the elements described above. Fig. 2 presents the main menu, which appears after the user logging in. This page presents a notification of the daily challenges reminding the user to go through them. There is also the button to check the profile.
In the profile page, Fig. 3 , the player's level is represented in blue at the top left corner, followed by a progression bar. This number has a badge in a background representing their rank. This ranking is separated into 3 categories: Bronze, Silver and Gold and all of these are divided into 3 subcategories themselves (I, II, III). Bellow this section there is a button that opens the daily challenge.
On the top right, it is presented the overall ranking of the player. Directly below it, the ranking progress, which consists of the current ranking of the player, and the immediate upper level, that will be achieved when the player reaches the mark. This is given bellow the medal representation.
At the bottom left corner, there is a calendar with a colorcoded register, to keep track of the previous daily challenges, these can be done even after the due date. When clicking a date in the calendar it will direct the player to the respective quiz, Fig. 4 . After submitting the quiz, the result is immediately presented, prompting the number of correct answers and the received points, Fig. 5 .
The User profile can direct the player towards the Rewards page (Fig. 6) . Here, the player can consult all his achievements throughout the training sessions, summing up in the end with the total number of gathered medals, which is then converted to points, in order to be used in future metrics. IV. CONCLUSIONS Gamification has become a method used both in industry and academia to promote a better learning experience in general. Also it is becoming a predominant training method in healthcare professionals' training [16] . In this work, following an widely adopted framework, we propose a gamification approach to be introduced in an existing CPR self-training system [17] .
Several gamification aspects are discussed and proposed, along the major components of gaming to promote user engagement. It is expected that this approach will increase training frequency and knowledge acquisition. The implementation of the proposed features and a validation study, including health professionals and university students, is underdevelopment. ACKNOWLEDGMENT This work is supported by the Master Degree in Medical Informatics of the University of Porto (http://mim.med.up.pt).
